=== r|ing! MessAga-——

From: DOREMUS, ROBERT C. (15C-DF52) (NASA)
Santt Tuesday, February 14, 2003 11:14 AM

Te: DITTEMORE, RONALD D, [15C-Ma)} {MASA]

Ce: HEFLIN, JAMES M., IR [MILT] (J5C-Da8) (NASA)
Bubjact: RE: Empils

Hare s the segUence:

1. Wedneaday, 1/28: ES/Carllsle Campbsll phoned CFS2/ Bob Doremus ‘o discusa the potartial Impasts o arbltar
dystams dus to the ET foam debris conlact with the left wing., Carlisla wantad to spaciically discuss tha implicalions on
systems lor which he is an axpart - tres, braxes, landing gear. DFS2/Mechanical Systems Group (MMAGCS) has
raspenelbliity on the flight control team for the sama gystems ard has a long time warking ralaflonsnip with Sarisie.

Carlislo had spen tha Boaing analysis and Its conclugion and Fis Bppreach was ‘what If the aralysis is wrong?' Carllala e-
mailed Bob Dorsmus a copy of the analysls.

]

"W 5TS-107 Dabrls
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2. Thuraday, 1/30: Carlisle paged Bob Doremus and wantad to krnow |t Bob nad seen the anakysis before the 1/29 o-mail.
DF52 had not. That was nal a miseommunication cr a problem. EEGOM personne on tha 107 laam™ had saen the
&nalysls, EECOM has MCC responsisillty for TPS. Ina situatlon where a 1lla Is considerad lost, MMAGS has
responsibility in the MCC to coerdinate dalermining the affacted hartware underneath the tls., Since the aralsis ~ad
detarminad Ihere would not be burn-through, MMACS was not called on Io bagin the process of assessing alecled
equipment, MMACS personnsl discussed tha aralysia with DAB personnel wihe said that they had sesn tha snalysis from
the MMT and did nel conslder It to be a concern.

Car'lsle notilisd Bab Doremus thet he had contactad Bob Daugharty &t Langley 1c discuss potential 'anding gaar lasuss.
Carlisle waa conzarned that entry heating cou'd dameage the LMG tiras and causs landing with 2 fla! tirag, He gontaclad
Daugherty to discuss that scenario. Late in tha day, Bob Daugherty e-malled DF52/David Lechner 2 note that dscussed
hle own eoncerng, Bob contactad David Lechnaer because David currently is the MMAGCS systemn lead ‘or anding/decal
systamas and does most of the coordinatian with the technical community. Haers ls the criginal note fram Langley/Bab
Daughery to OF52/David Lachnar-

M

Main Gear Breach
Cancerns

d. Friday, January 31: David Lechner waa an tha MMACS Entry taam and werkad the FGS cheskout shift sarly Frigay
morning. He forwarded Bob Caugherty's a-mail to otrers on the MMAGS feam. Eab Daughserty Is a respactad exnart on
landing gear anu nis thoughts were taken ssricusly and discussad by tha MMACS team in the following sarios of ~otas.
This emall ‘raffic was Internal to the MMACS disclpline only. It was considered to be u "what-if" sxerciaa and a
cantinuatien of the technical discussion that Bob Daugherty had cegun. The MMACS team did not have conzarrs about
the tile impact analysis,
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RE: Maln Gear
Breach Concarns

4. Later on Friday, David Lechnar replied to Bob Daugharty In this g-mail:

=

RE: Maln Gaar
Breach Corcerng

5. Late Friday afternaan, Carlisle Campball phoned DF52/Bob Dorsmus to continue this technical discussion.
DF52/David Peiarnostro was elsa In the offica. Carllsle brought in Bob Daugnerty and the 4 discusssad tha cosslbility of
fanding with 2 flal tires, Carlisle sald that Howard Law had dore an antry &im at Amas (the sim was avidantly dora on
Friday} and that sim showsd that the landing with 2 fiat tres was survivable, Bob Doramus and David Patamnoalro
exprassod sames skepliclsm as to the accuracy of the Ames sim in light of otrar cata (Canvair 930 tasting), but
apprecialed the ‘nlormation.  All four agreed at the end of the discussion that we wers dolng a "what-if" dizcussion and
that we all expected a aafe antry on Seturday,

----- Original Message-----

From: DITTEMCRE, RONALD D, {JSC-MA] [MASA)
Sant: Tuesday, February 11, 2003 6:58 AM

To: COREMUS, ROBERT . (15C-DF51) (NASA)

Ce: HEFLIN, JAMES M., IR (MILT) 11SC-Daf) (NASA)

Subject: Emaills

Galher the emalls where you talked or communicated with Langley and sand me a copy s that | can aae tha ralfls
and get a feel lor the conversations. Thi
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From: ROCHA, ALAN R. (RODNEY) (JSC-E52) (NASA)

Sent: Friday, January 24, 2003 10:32 A

To; CAMPBELL, CARLISLE C., JR [J5C-ES2) (NASA); RICHART, JENE A, (ISC-MS2) (NASA)
Cc: MADDEN, CHRISTOPHER B. (CHRIS) (JsC-ES3) [NASA)

Subject: 5W: ST5-107 Debrls Briefing for MMT

Here |2 the Qrbiter thermal/stroas assessment. | do nct have the syslem integration (Carlos Oriz/3osing) debris
irajeclory analysls chars yel. Both wars presentad o MER team and MMT this maming, Trers is good poantial
for file raplacement and maybs logal overheating of structure, but ne burn-through. Though the asanesment
Glates, 90 far, \hat no safely of flight laauss pxlat, there lg open work cn one mora case, the MLGE Door tiles. The

MER faam undaratood this apan wark, butin my oplnion the MMT with Linda Ham did not aal Ihe fUll massags al
open work remaining.

Rodney Recha
Structurel Englneering Division (ES-SED)

= E3 Dlv, Chlef Englneer (Space Shutlla DCE)
¢ Chalr, Space Shultle Loads & Dynamics Pensl

RrTeE e e

—---0riginal Message--—-

From: White, Doug [mmei

Sent: Thursday, January 23, 2003 10:23 FM

To: Wilder, James; Reeves, Willam D; CURRY, DONALD M. (J5C-E53) (NASA); SCHOMBURG, CALVIN (1SC-E4)
(NASA); LEVY, VINCENT M, (JSC-EG) (NASA); ROCHA, ALAN R. (RODNEY) (ISC-E5S2) (NASA)

Subject: FW: 5T5-107 Debrls Briefing for MMT

Potentinl tle damage charts for the MMT fomorro marring. Mike Dunham will pitch th=se.

Doug White
Director, Operations Requiremets

Eyalifsgihiay
kgl & prpe,
FEEETETP

80 Gemin
Hougton, TX 77058

Never let the fear of striking out get in your way." -Babe Rut

02/26/2003
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----- Criginal Messege-----

From: Dunham, Michae] ] g

Sent: Thursday, Jenuary 23, 2003 3:36 PM

To: EXT-Madera, Pamele L EXT-Whire Doug; Alvin Beckner-Jr (E-mail); Bo
Bejmuk (E-mail); David Cemp (E-mpil); Douglas Cling (E-mail): Ed
Alexander (E-mzil): Frances Forms (E-mail); Garland Parlier (E-mail};

John Mutholland (E-mail); Merk Pickens (E-mail); Michaz Burghardt
(E-mail}; Mike Fuller (E-mail); Norm Beougher (E-mail); Scatt

Chrigtensen V (E-mail}: Steve Hamson {B-roail)

Subject: STS-107 Debris Briefing for MMT '

<<Debris ppras

Michee! J. Dunham

Boeing/Orbiter SSM - Stress, Losds and Dynamics
e iy

oS Shmpheguds (Fax)

(Al [Pager)
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Sant:  Friday, January 31, 2003 3:45 PM

Ta: 'andserscn, William C KLING, JEFFREY V. (JSC-DF511) (USA); DOREMUS, ROBERT C. (J3L-
DF52) (MASA) FRIANT, MELYIN E. (JSC-DF511) (NASA) JASON, JERRY P. [JEC-':'I"-IEE:I _
[NASA); SMITH, KENNETH J. (JSC-CF52) (NASA) ESKOLA, EDW{’.HD W. [-..EES-I:J_FEE_I (LISA),
DAKE, JANNA J. (JEC-DF52) (NASA), TOTH, EBIK P. WSC-DFEZ) (USA) LECHNER, CAVIDF.
(/SC-DF52) (USA); SNOWDEN, APRIL (JSC-DF52) (USA); LEE, ROY (JSC-OF) [USA}'E o
PATERMOSTRO, C. D. (DAVID) (JSC-DF511) (USA) FENG, CHRISTOPHER P. [CHEIS) (J35-
DF) (NASA)

Subjact: RE: Maln Gear Breach Concerns

If the Console Handbook I to be ballsved (and 1l I}, tha three braks izolation valves (and the sxiard [aslation
valve) roslce in the alt compartment. Tre port wheel wal contalns (aslds from tha 'sft gear and tires, braks
madulas, aic.) tha two axland valves (#1 and #2) and the NWE swiiching valve. and the im;'a_:'. dic neour on the
port side. For a breach In the MLG door or Its seals thess vaves shculd be considerad "al risk” AR we |, Soio
draw out the worsl case scenario, the tirss are flat and/or the gear 18 slagged and/or thera's 2 fuas hole 0 ine
wing from the tire explasion, plus there's no nosewheol steerinp. All equate (o a bad day,

Let's surmiss just what sort of signaturs we'd sse if a limited stream of hot plasma did get into the wall well
(rougnly from El + & faw minutes until about 200KTt; in othar words, & 10 to 153 minule long windaw), Firatwould
be a tempsraiure rlea tor tna tires, brakes, strut aciuatar, anc Ihe uplock actuator raturn, Tire prassura [&nd
thsoretlcally brake pressures as the fluid lemparaturs increasad, inough the expansion 18 small) would mms given
ancugn tma, and assuming the tires) dosan't get halad. Then the data woud start dropplng cut 25 the slactrice
wiring |e severad, botn to tne lransducers and the wirlng o the valves, etz. (electricn! shorts may occlras
ingulation 's ercuad away, so EGIL may ses somathing on the bua signatures). Data loss would Include inat for
tire pressures and temparatures, braks pressures and tamperatures, orox box inclcatians, and valve (MWS 57
and the EXT VYLVs) Indications (really only the NWS swilching valve, though shoms couls produce faise

‘on’ indlcations for the extand valves). Witn the axtend and brake [solation valves closac there snou be rid
¢ecrease In resenvoir quantities. If the gear deploy pyro heals up and flras, anc \he gear and Inkanes ara not
ctherwise alraady saveraly damaged, then tha gear will deploy; this |2 likely a LOC case so wo'll ekip L

What does the aiert MMAGS/MECH operator do [n the svent of such a signature as cescribed above? Thara &re
only a limited number of ehoicea:

e (1} Do nathing. Assume it's |ust a bunch of smart Iranaducer failures or tnat the gear can taks 1he
punishmert. \

s (2) Decide Ihat tha gear |s probably toast, call for an sarly enough deploy to allow lor & bail-out I racLired
(M==0.8}, and raly cn the (ramairing) data or vides In order to declds between a bail-cut end ianding
altormpt.

» (3) Declde that the gear ia 1oast, that landing la impossible, ang call for & ball-out

= (4) Dacide that the gear Is tonst ard recommend a geer-up laraing.

| don't think much of option 4 - that's almast certainly a LOCY caae. Option 3 seoms o be axtrama (throw away
the orbiter) without scme supporting data. Tne other lwo oplions are then the real choicea and both ars rizky. |
saw odd signaturas in only one or two measuramarits I'd llksly go for #1. However, I there was a wholssalz losa
ol data in tho area then 'd racommend £2, Baats ma what the breakpaint would be belween the two dacisians.

And sinca the ill-fated X-15 (that “broka n half" - actualy It bant untll it hit the ground, the fwo pleces ddnt
s8parals) has been mentiorad twizo already, 1Yl add this excarpt Irom the Drydsr wab sita:

The first accident happened early in the program, when an engine explosion ceowred dunng
engine &rarm, and rhe pilor was forced ro land at the launch lake. Mot all of the propesliants

02/26/2003
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jettisoned; also, the oil in the nose syt had become gerated, Thus, the aircraft was heavywsight
and the nose strut did not provide the shock absorption it was designed for. In spite of this, the
damage was minar and the airplane was back in the ait in three months with a modified nese stout
able to handle the landing loads.

Sae the altachad photo,

~=--Orlginal Massagg-+=--

From: Anderson, Willlam C Fm]

Sent: Friday, January 31, 2003 2:08 PM

To: KLING, JEFFREY V, (JSC-DF511) (USA); DOREMUS, ROBERT C. (JSC-DF52) (NASA); MCCLUNEY, R. K.
(KEVIN) (JSC-DF511) (NASA); FRIANT, MELVIN E. (JSC-DF51{) {NASA); JASON, JERRY P, (J5C-DF32) (NAaSa);
SMITH, KENNETH J, (JEC-DFE2) (NASA); ESKOLA, EDWAND W, (JSC-DF32) (USA); DAKE, JANNA 1, (J5C-0752)
(NASA); TOTH, ERIK ?, (JSC-DF52) (USA); LECHNER, DAVID F. (35C-DF52) (USA); SNOWDEN, ABRIL {JSC-DF52)
(USA); LEE, RCY (JSC-DF) (USA); PATERNOSTRO, €. D. (DAVID) (JSC-DF511) (USAY; FENG, CHRISTORHER P,
(I5C-EC) (NASA)

Subject: RE: Main Gear Breach Congerns

First, why are we lking about this vn the day beforc landing. and not the dav afier launch? Ta Quote Paul
Dye, this 15 another "Burning Rocks Syndrome" (for the new folks, supposedly & week before we went to the
Moan on Apallo 11 -- ves, we went to the Moon -- & seientist popped up with 8 concam about what would
happen if the moon racks beneath the lander caught fire fram the zetro rockets). Anyway, 1f there wars
evidence cn this flight that we were missing 1es/RCC, 1 might be worried.

Hzre ure my oli~the-pyff thoughts on dily (rea) expers may vary, but I prany much agres with Kavin).

If there were an sxplosion in the wheel well with the gear up and locked, I wouold think the Wwing panal
structure would break before the gear uplocks would be broken. If the door blew apen instead it would likely
separate from the gear attach poings. If the wing i3 off, or hes a blz hole in it, vou'te not going o make the
runway. and the gear quesiion is moot. If the leak were fast, but not explosive, the whea) well |3 vented, and
even with the vent docrs elosed, T dan't believs & tire or two Wwould overpress the midbady.

Aren't all three Brake Isol valves (hence al] 3 Hyd Systems) In the same wheel well? However, ] believe Uizy
are in the STAD well, and we ae talkling abwut U Port side well s time from the yideo I sew (cauld be
Wrong &bout that). If you lost all the hydraulics, yoi won't have to worry about whether ta deplay the gear, ar
ditch, ete. Bailoutis your only option (probably won't even be abie o do that),

What I alwaye heard ghour ditching (back when we were looking at Escape options in "87-'88), was that the
vehiele would break on inital impact, with the payload caming through the =ack of the cabin (definitely nat 2
good day).

To bally land {without the above happening), you wowld have to land at near 0 deg. alnha, which would
requize a much higher speed al TD than normal, since this “atrplane” has vary litile wing arsa. Drag chue &
rudder might ke=p it painted the right way for a while, but the erown in the TUIWaY 15 Pretly pronounced, end
the vehicle may skid right off, but at a lower speed.

I con't understand the scenario where the wiesl blows due to material degradation, After wetching one set of
fuse plugs blow after getting the whee] whits hot from using the brakes on the test atand. T dan't som where s
wheel ia going to fail first, uniess you have a very small plasma jet focused just right, like = curring rorch,
That would fail just like a thermal Plug, so I don't ses the whee! shrapne! concermn, Maybe for the tire.

Remember that an X-15 broke in half 04 ona landing (misjudged helght above deck, and landed hard]
il

~-—-Orglnal Messapa----

02/26/2003
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From: KLING, JEFFREY V, (JSC-DF511) [USA)

Stnt: Friday, Jamuary 31, 2003 5:38 AN

To: DOREMUS, ROBERT C. (F5C-DF32) (NASA); MCCLUNEY R K [EEVIN)
(JEC-DF511) (NASA), FRIANT, MELVIN E. (JSC-DESLL) (NASA) TASON, JEREY

P. (J5C-DF52) (NASA): SMITH, KENNETH L. {JSC-DE52) (NASA) ESKOLA,
EDWARD W. (JSC-DF52) (USA): DAKE, TANNA I (JSC.DF52) (WASA): TOTH, ERIK
F. (J5C-DF52) (USA); LECHNER. DAVID E. [ISC-DF52) (USA); SNOWDEN, APRIL
(YSC-DF52) (USA): LEE, ROY (JSC-DF) (USA); FATERNOSTRO, C. D. (DAVID)
(TSC-DF511) (USA): Wil : ;

FENG, CHRISTOPHER E. (75 C-EC) (NASA)

Subject; FW: Main Gear Breach Coneerns

These are ell interesting quzstions that some smart people in the
engintering community could go inveatigate if thay have not already. Here's
my ke on it from an operations perapective.

Firstof all, if there is a serious breach in the wheel well arnd we are
concerned about the wheel (aluminum) properties changing to the point that
the wheel fails then there must also e a concemn with the wing atructore

(elso aluminwm). If the tires exploded and the gear door was forced open, I
would bet that the gear is coming down/off with the door, Remember they are
mechanically linked. I would lean toward a bailout recommendation if 1
thought the door blew off (loss of door telemetry and loss of tre pressures
end other Instrumentation) and the geoar could not be verified down and
locked on that side,

If there was hot plasma sneaking intn the whez! wells, we wauld see

inzri:eses in our landing ger lemperatures and likely our tire pressures. If

we actually saw our instrumentation in the wheel wells disappear during

Eniry then I suspect that the gear will nat deploy enyway because the wires
thar control the pyros and all the hydraulle valves would bum up oo,
Ultimately cur (MMACS) recommendation in that cage is BOing 1o be to st up
for & bedlout {assuming the wing doesn't burn off bafare we can get the crew
out). The rest of the cuscs are great blg what-ifs, We can mansges the drag
from any carly gesr deploy if it heppens before MACH L. Any hum-through
damage would be discaverad well before that.

1 would like lo hear what eagineeing has come up with regarding the nose
gear slap down on a conerete runway with rwa flat tires o one gide. If wa
don't break the nose gear at #lap down, the lateral control is nat a concern
B8 long us we have noge wheel eteering, The Flight Dynamics folks have
already analyzed this case for us. If you think alapdown ia bad with 2 tlat
tires. you're really not going (o like the slap dewn In a "baily landing".
Belly landings are worse than Lhe fiat tires case in my opinion.

Communts?

02/2e/2003
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-----Original Messags-----
From: LECHNER, DAVID F, (IS C-DF32) (USA)

Sent: Fridsy, January 31, 2003 2:13 AM
To: KLING, JEFFREY V. (F1SC-DF511) (USA); JASON, JERRY P. (JSC-DF53) (NASA)
Subject: FW: Main Gear Sreach Concers

We will nezd 1o addrzss Bab Davgherty's concerns.

----- Original Mesaage-—-.

From: Robert H. Daugherty jom

Sent: Thursday, January 30, 2003 5:23 M

To: LECHNER, DAVIDF. (JSC-DFs2) (UsA)

Ce: M LSHUAR fulemtommmy.: H.M.ADELMAMiissmsmangons C AMPBELL, CARLISLE

C.. IR (JSC-ES2) (NASA)
Subject: Main Gear Bruach Cancerns

Hi David,

I talked to Carlisle g bit #go and he let me know you gays at MOD were
Eelting into tha loop on the tle damage issue. I'm writing this cmail not
r2ally [ en official capacity but since we've worked tngether 5o many
times | feel like [ can say Fretty much anything 1o you. And before
begin I would offer that I am admittedly erring way on the side of absolute
WOTSi-Cose scenenios and I don't really belipve things are ns bad as I';y
Betting ready (o make them out, But] certainly bebeve that o not be
ready for a gut-wrenching decision after seeing instrumentation in the
wheel well not =e thers after entry i6 lrresponsible. One of my personal
thearies is thar you should serfously consider the possibility of the gear
not deploying at all if there 13 = substantial breack of the whesl

well. The reason might be that as the remps increase, the wheel (dluminum)
will lose materiz) properties as it heats up &nd the tire pressura will
incresse. Al some point the wheel conld fail and sengd debris

everywhere. While it is trus there are therma)l fuses in the wheel, 1f the
rate of heating is high enough, since the tire is such o good insulator,

the wheel may degrade in aength enough 10 let go far below the 1100 D5l
or 5o that the lire normally bursts ar, It seems to me that wilk that much
camags in the wheel wall, something could get serewed up enough to prevent
deployment and then you are in a world of hur. The following ars
scenarica that might be possible...and since there are g5 meny of them,
theae are offersd just 10 make surs that some things con't slip thru the
Crecis.. suspect many or all of these have been guna over by you guys
ulroady:

|- People talk about landing with two flat tires. | did toey tmti] this

ceme up. If both tires blew up in the whoel well (not alking tharmal fosc
end venting bur exploslve decomp due 1o tre andior whes| Tailurs) the
ovarprassure in the wheel well will bs in the 40 + psi rangs=. The
resulting loads on the gear door  a quarter million fbs) would almost
certainly blow the door off the hinges or at least send it act into the

Siip soeam...catastrophic. Even if ¥ou could survive the heating, would
the gear now deploy? Andfor tlso, could you even reach the runway with this
kind of drag?

2. The explosive bungies...wha might be the possizility of these firing
due 10 excessive heating? If they fired, would they send the Zear door
end/or the gear into the slipstraam?

3. What might eacesaive heating do to all kinds of othar hardware in the

02/26/2003
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wheel well...the hydraulic fuid, uplocks, etc? Are thers vulnershle
hardware items that right prevent deployment?

4. If the gear didn't deploy ( and you would have to conalder this before
making the commitment to gaar deploy on final) what would nappen
control-wise if the other gear 8 down and one l5 up? (I think Howard Law
and his community will k1 you yau're finished)

3. Do you belly Jand? Without eny other planning you will have already
committed to KSC. And what will happen during derotstion in a gear up
landing (trying to stay away from an asymmerrlc gear situgtion for exampla)
since you will be hitting the &f end body flap and wings and pitching down
extremely fast & la the old X-15 landings? My guess is you would have an
sxtremely large verueal decel simation up in the nose for te

crew, While directlonal contrel would be afforded in some Tart by the drag
chute...do you want te count on that to keep you out of the moat?

6. If o belly landing is unacceprabla, ditching/beilou: might be next on

the list. Nota good doy.

7. Assuming you can get 1o the runway with the gear deployed but with two
flat tires, can the commander control the vehizle both in pitch and lateral
directions? One concern is excessive drag (0.2 g's) during TD throughout
ths entire suddle region making the derotation uncontrollable due 4o
salurated elevons.. resulting in nose gear failure? The additinn of
crosswinds would make lateral control a tough thing too, Simulating thiz,
because it {5 so ridiculously easy v do (sims going on this very minpe at
AMES with load-pessisiznce) sees like a real no-brainer,

Admittedly this ls ovar the tap in many ways but this I n prery bed time
to gt surprised and have 1o make decisions in the last 20 minutes. You

£an count on us to provide any support you think you need,
Best Rogards,
Bob

02/26/2003
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Bent: Thursday, January 30, 2003 5:23 PN
To: LECHNER, DAVID F. ({SC-DF52) (UsA)
Ce: M.LSHUART & larc.nasa.gov; H.M.ADELMAN@ larc.nagsa.gov; CAMPBELL, CARLISLE C.,
JR [JSC-ES2) (NASA)
Sublect: Mgin Gear Braach Cancorna
Hi David,

I talked to Carilsle a bit age and he let me know You guys at MOD were
getting Into the loop on the tile damage Issue. I'm writing this emall not
really in an of ficial capacity but since we 've worked fogether so many
times I feel llke I can say pretiy much anything to you. And befere I
begin I weuld offer that I am admittedly erring woy on the side of absalute
worst-case scenarios and I don't really believe things are as bad os I'm
getting reacdy to make them out. Bui I certainly believe that to net be
ready for a gui-wrenching decision ofter seelng instrumentation in the
wheel well not be there of rer entry Is irresponsible. Cne of my persanal
thearies Is that yeu should seriously censider the possibility of the gear
net deploying at all if there Is a substantial breach af the wheel

well, The reason might be that as the temps increase, the whee! (aluminum)
will lose material properties as it heats up and the tire pressure will
Increase. At some palnt the wheel could fail and send debrls

everywhere. While it is true there are thermal fuses In the wheel, If the
rate of heating (s high ensugh, since the tire is such = goed insulator,

the wheel may degrade in strength enough to let go far below the 1100 pai
or 82 that the tire normally bursts of. It seems to me that with that much
carnage In the wheel well, something could get screwed up enough to prevent
deplayment and then you are in a world of hurt. The following are
scenarios that might be possible...and since there are so many of them,
these are of fered just to make sure that some things don't slip theu the
cracks...I suspect many ar all of these have been gone over by you guys
already:

L Peapie talk about landing with two flat tires._I did toe until this

came up. If both tires blew up In the wheel well (not talking thermal fuse
and venting but explosive decomp due to tire and/or wheel failure) the
overpressure in the wheel well will be in the 40 « psi ronge. The
resulting loads an the gear dsar ( a qguarter million Ibg) weuld almost
certainly blow the door off the hinges er at least send It out Infa the

alip stream...catastrophic. Even if you could survive the heating, would
the gear now deploy? And/ar also, could you even reach the runway with this
kind of drag?

2. The explosive bungies.. what might be the passibility of these firing
due to excesslve heating? If they fired, woyld they send the gear decr
and/or the gear Into the slipstream?

3. What might exzessive heating do to all kinds of other hardware in the
Wheel well...the hydraulic fluid, uplocks, ete? Are there vulneroble
hardware items that might prevent deplayment?



4. If the gear didn't deploy ( and you would have to congider this before
making the commitment o gear deploy cn final} what would happen
contral-wise if the other gear is down and ane ig up? (I think Howaprd Law
and his community will tell you you're finighed)

2. Do you belly land? Witheut eny sther planning you will have aiready
committed to KSC. And what will happen during derstation In a gegr up
landing (trying to stay away fram an asymmetric gear situation far exomple)
Slnce you will be hitting the uft end body flap and wings and pitching down
extremely fast a la the old X-18 landings? My gueds is you would have an
extremely large vertical decel sltuation up In the nese for the

crew. While directional contrel would ba afforded in some part by the drag
chute...do you want +o count on that to keep you out of the moat?

6. If abelly landing is unacceptable, ditching/baileut might be next on

the list. Not a good day.

7. Asduming you can get to the runway with the gear deployed but with twe
flat fires, can the commander contral The vehicle bath in pitch oad loteral
diections? Cne concern is excessive drag (0.2 g's) during TD throyghaut
the entire saddle region making the derotation uncontroliable due +o
3aturated elevans..resuiting in nase gear failure? The addition of
crosswinds would make lateral control a taugh thing foo. Simulating this,
because it is so ridiculausly eagy to do (sims gaing on this very minute ot
AMES with lead-persistence) seems like a real no-brainer,

Admittedly this is over the top in many ways but this is a pretty bad fime
To get surprised and have ta make decisions in the last 20 minutes, You
&en count an ys to provide any support you think you reed.

Best Regards,

Bob



LAl LELANER, DAVID F. (JSC-DF52) (USA)

Senk: Friday, .ﬂanuary 31, 2003 12:18 PM

Ta; ‘Roben H. Daugherty

Ce: ‘M.JESHUART ks I ‘H.M.ADELM#NW CAMPBELL, CARLISLE C.
JR (JSC-ES2) (NASA)

Subjaet: RE: Maln Gear Breazh Concermns

Beb,

I really appreciote the candic remarks. As always your points have generated extremely valuable discussion in our
group. Thank you. We have been discussing and continue o diseuss the all pessible scenarios, signatures ond
decisions. Your input is beneficial. Like everyone, we hope that the debris impact analysis is correct ond oi| this
discussion is mute,

David F-M Lechner

Space Shuttle Mechanicel Systems

Mechanical, Maintenance, Arm & Crew Systems (MMACS)
United Space Alliance, Johnaan Space Center

-=---Original Message-----

From: Robert H. Daugherty [mas

Sent: Thuraday, Jonuary 30, 2003 5:23 PM

To: LECHNER, DAVID F. (T SC-DF52) (UsA)

Coi M.J. SHUAR T Ginmanassssy: H.M.ADELMAN Gimsssssspms v; CAMPBELL,
CARLISLE C., TR (J5C-E52) (NASA)

Subject: Main Gear Breach Concerns

HI Bawld,

I taiked to Carlisle a bit age and he let me know you guys at MOD were
getting into the loop on the tile damage Issue, I'm writing thia email not
really in on affizial capacity but since we've worked tagether so many
Times I feel like T can say pretty much anything ta you, And before T

Begin I would offer that T am admittedly erring way on the side of cbhsolute
worst-cage scenarios and I don't really believe things are as bad as I'm
getting ready to moke them out. But T certainly believe thet to not be
ready for a gut-wrenching decision after seeing instrumentatian in the
wheel well not be there ofter entry ig irrespansible. One of my personal
theories is that you should deriausly consider the posslbility of the gear
not deplaying at all if there ia a substential breach of the wheel

wall. The reason might be that as the temps increase, the wheel (aluminum)
will lose material properties as it heats Up end tre fire pressure will |
incrzase. At some point the whee! could fail anc send debris

everywhere. While it is true there are thermal fuses in the wheel, if the
rate of heating is high enough, since the tire ig Such a gacd Insulater,

1



the wheel may degrade in strength erough to let ge far below the 1100 psi
ar 3o that the tire normally bursts at. It seems to me that with that much
carrage in the wheel well, something could get screwed up enough te prevent
deployment and then you are Ina world of hurt. The follewing are

scenaried that might be pessible..and since there are so many of them,
these are offered just to make sure that some thinga den't slip thru the
cracks..I suspect many or all of these have been gone aver by you guvs
already:

L. People talk about landing with twa fiat tires..T did oo unril this

came up. If both tires blew up in the wheel well (net talking thermal fuse
and venting but explosive decomp due 1o tire and/or wheel failure) the
averpressure In the wheel well will be in the 40 + psi range. The

resulting loads on the gear door (a quarter million lba) would almost
certainly blow the door of f the hinges or at least send it aut Into the

slip stream..catastraphic, Even if you could suryive the heating, would

the gear new deploy? And/or alsc, could You even reach the runway with this
kind of drag?

2. The explosive bungies...what might be the possibility of these firing

due to excessive heating? If they fired, wauld they send the gear door
and/or the gear into the slipstream?

3. What might excessive heating do fo all kinds of ofher hardware in the
wheel well.. the hydraulic fluid, uplocks, ete? Are there vulnerable
hardwere itema that might prevent deplayment?

4. If the gear didn't deploy ( and you would have ta cansider this sefcre
making the commitment to gear deploy an final) what would happen
contrel-wise if the ether gear is dewn and one is up? (I think Howard Law
and his community will tell yoy you're finished)

<. Doyou belly land? Without any ether planning you will have already
committed to KSC, And whet will happen during derotation ina gear up
landing (trying to stay away from an cyymmetric gear situatien far example)
since you will be hitting the aft end body flap and wings and pitching down
extremely fest g la the ald X-15 landings? My guess (s you would have an
extremely large vertical decel situation up in the nose for the

crew. While directional control would be afforded in some part by the drag
chute...ds you want to count en that to keep you out of the maat?

6. If abelly landing la unacceptable, ditching/bailout might be next on

the list, Mot a good day,

7, Assuming you can get to the runway with the gear deployed but with two
flat tires, can the commander control the vehicle both In pitch and lateral
directions? One concern is excessive crag (0.2 g'a) during TD thraughoy
¥he entire saddle region making the derotat/en uncontrollakle due fo
“atureted elevans,.resulting in nose gear failure? The acdition of
erodawinds would moke loteral control o taugh thing tap. Simulating this,
because it is so ridiculously easy 1o do (sims going on this very mirute at
AMES with load-persistence) seems like o reg no-brainer.

Admittedly this is aver the Top In many ways but this is a pretty bad time
to get surprised end have to make declsions in the last 20 minutes. You
€an caunt on Us te provide any suppert you think you need.

i

im



31 January 2003

From: "CAMPBELL, CARLISLE C., JR (JSC-E52) (NASA)"

Ta: 'Bill Heitzman' <l nineeessymte et sy

"Porter, Michgel T e e RS =T o Hos < 1o

"ROGERS, JOSEPH E. (JOE) (JSC-ES2) (NASA)" aiessgimmogemrmmsmse.,
'ROCHA, ALAN R. (RODNEY) (JSC-ES2) (NASA)" kommmssinsimms:>.
"LECHNER, DAVID F. (TSC-DF52) (USA)" <ol '

i e
Ce: "DOREMUS, ROBERT C. (JSC-DF52) (NASA)" <uniasstsismmmmismasmsmsy

'Bob Daugherty'

"LAW, HOWARD G. (JSC-EG) (NASA)" e Ry
Subject: Ames Slm runs with two blown tires before landing
Date: Fri, 31 Jan 2003 14:59:01 -0600

Howard Law just reported o us that he had completed the short series of
landing sims with two blown tires before landing. This was Lo answer our
concems in case this scenario might occur curing a worst case landing fur
ST5-107. He cautioned us that these runs had ingccuracies bul they were the
best they could do on short notice. Just the same, the overall results were
thought to be generally plausible.

The results showed that this condition was survivable/controllahle. Even
nose slapdown was within Limits.

Two pilots flew the 4 to 6 landings--two were truncated before stop.
Inaccuracies in the sim included: No wing tip dragging forces near the end
of the run and an inaccurate grind away rate on the wheel/brake/strat on the
failed side during slideout (affecting roll angle) . The coefficient of
friction during slideout was thought to be accurately represented.

With Mark Hammerschmidt's/EG4 permigsior, this information was passed on to
Bob Doremus/DF5 of MOD,

E '@83 |Z:z28 £81 Zac 515%



FEZ

January 28, 2003

From: "CAMPBELL, CARLISLE C., JR (JSC-ES2) (NASA)"
<wmrele—opadnd b Sy
To: "Robert H. Daugherty" <rsdemphecmnissemmemyey>

Subject: RE: Tile Damage
Date: Tue, 28 Jan 2002 13:29;58 -0600

I have not heard enything new. Tl let you know if I do.

CCC

In reply to;

-----Original Message-----

From: Robert H, Deugherty (reiftemmindrophuerdinmaann o |
Sent: Tuesday, January 28, 2003 12:39 PM

To: CAMPBELL, CARLISLE C., IR (JSC-ES2) (NASA)
Subject: Tile Damage

Any more activily today on the tile damage or are people just relegated (o

crossing their fingers and hoping for the best?
Sce ya,
Bob

£5 '83 12:2
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27 January 2003

Message-TD: <UEF528A1BDDB0147AFB39AB7970B05CR01035E73 @ Jsc-
meil03 jsc.nasa, govs
From: "CAMPBELL, CARLISLE C., JR (JSC-ES2) (NASA)"

To: 'Bob Daugherty' :

Subject: FW: STS-107 Wing Debris Impact on Ascent: Final anelysis case com
pletad

Date: Mon, 27 Jan 2003 14:16:52 -0600

Forwarding Message:

> ---—Original Message-----

> From: KOWAL, T. J. (JOHN) (JSC-ES3) (NASA)

= Sent: Monday, January 27, 2003 10:35 AM '

>To: ROCHA, ALAN R. (RODNEY) (JSC-ES2) (NASA) -
>Cc: ROGERS, JOSEPHE. (JOE) (JSC-ES2) (NASA); GALBREATH, GREGORYF.
> (GREG) (JSC-ES2) (NASA); JACOBS, JEREMY B, (JSC-ES4) (NASA); CURRY,
DONAID

> M, (J3C-ES3) (NASA); RICKMAN, STEVEN L. (JSC-ES3) (NASA);
SCHOMBIUIRG,

> CALVIN (JSC-EA) (NASA), CAMPBELL, CARLISLEC_, JR (JSC-ES2) (NASA);
> MADDEN, CHRISTOPHER B. (CHRIS) (JSC-ES3) (NASA)

> Subject: RE: §TS.107 Wing Dobris Impact on Ascent: Final analysis

> case completed

=

> I talked to Ignacio about the analysis he ren. In the case he ran, the

> large gouge is in the acreage of the door, If the gouge were to occur in

> a location where it passes aver the thermal bardier on the perimeter of

> the door, the statement that there 15 "o breeching of the thermal and gas

> seals"” would nor bo valid. I think this paint should be clarified;

> atherwise, the note sent out this morning gives a false sense of security.

-

> John Kowal

> ES3/Thenmal Branch

> NASA-Johnsan Space Center

>
Forwarding Message

> --—--Origiral Message--—-

> From: ROCHA, ALAN R. (RODNEY) (JSC-ES2) (NASA)

> Senl: Sunday, Jenuary 26, 2003 7:45 PM

>To: SHACK, PAULE. (JSC-Ea42) (NASA); MCCORMACK, DONALD L. (DON)
> (JSC-MV6) (NASA); OUELLETTE, FRED A, (JSC-MVE) (NASA)

FEB Z& 'BC 12:29 2Bl Zdas S51E



>Ce: ROGERS, JOSEPH E. (JOE) (TSC-ES2) (NASA); GALBREATH. GREGORY F.
> (GREG) (JSC-ES2) (NASA); JACOBS, JEREMY B. (JSC-ES4) (NASA):

= SERIALE-GRUSH, JOYCE M. (JSC-2A) (NASA), KRAMER, JULIE A. (JSC-EA4)
> (NASA); CURRY, DONALD M. (JSC-ES3) (NASA): KOWAL, T. J., (JOHN) (JSC-
ES3)

> [NASA); RICKMAN, STEVEN L. (JSC-ES3) (NASA); SCHOMBURG, CALVIN
(ISC-EA)

> (NASA); CAMPBELL, CARLISLE C., JR (JSC-ES2) (NASA)

> Subject:  STS-107 Wing Debris Impact on Ascent: Pinal analysis casc

> completed

>

> Ag you recall from Friday's briefing to the MER, there remained Open work

> 10 agsess analytically predicted impact damage Lo the wing underside in

> the region of the main landing gear door. This area Was considered a low

> probability hit area by the image enalysis teams, dut they admitted a

> debris strike here could not be miled out.

-

> As with the other anelyses performed and reported on Friday, this

> assessment by the Boeing multi-technical discipiine enginsering teams also

> employed Lhe system integration's dispersed trajectories followed by

> serial results from the Crater damage prediction tool, thermel enalysis,

> and stress analysis. It was reviewed and accepted by the ES-DCE (R. Rocka)

> by Sundey morning, Fan. 26. The case is defined by alarge arca pouge

> about 7 inch wide and about 30 inch long with sloped sides like a crater,

> and reaching down to the densified layer of the TPS.

-

> SUMMARY: Though this case predicted some higher termperatures at the outer
> layer of the honeycomb eluminum face sheet and subscquent dzbonding of the
> sheet, there is no predicted bum-through of the docr, no breeching of the

> thermal and zas seals, nor is there door structural deformation or thermal

> warpage to open the seal to hot plasma intrusion. Though cegradation of

> the TPS and door structure is liksly (if the impact aceurred here), there

> i8 no safety of flight (entry, descent, lending) issue.

>

> Note 10 Don M. and Fred O.: On Friday I believe the MER was thoroughly

> briefed and it was clear that open work remained (viz., the case

> summarized ghove), the message of open work was not clearly given, in my

> opinion, to Linda Ham at the MMT, | believe we left her the impression

> that gngineering assessments and cases wers all finished and we could

> slate with finality no safety of flight issues or questions remaining,

> Thia very serious cesc could not be ruled out and it was a very good thing

> we carmied it through to & finish,

-

> Rodney Rocha (ES2afSsaee

> *  Division Shurte Chicf Enginesr (DCE), ES-Structural Engineering

> Divisinn
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FEZ

27 January 2003

From: "Robert H, Daugherty”

To: "CAMPBELL, CARLISLE C,, JR (JSC-ES2) (NASA)"
: >

Subject: Re: FW: Vidzo you sent

Date: Mon, 27 Jan 2003 16:02:27 0600

1 agree completely. Seems to me that the benefi: of an EVA to go lock at
damage has more pros than cons. Can't imagine that an astronaut (even on a
CIrappy tether arrangement) would cause MORE damage than he i3 going out to
look for!

See ya,

Bab

In reply to:

From: "CAMPBELL, CARLISLE C.. IR (JSC-ES2) (NASA)Y"

To: "'Robert H, Dangherty™ gl e e R R

Subject: RE: Video you sent
Date: Mon, 27 Jan 2003 15:49:11 0600

Thanks, That's why they need to get all the facts in early on--such as look
at impact damage from the spy telescope. Even then, we may not know the
real effect of the damage.

The LaRC ditching mode] tests 20 some years ago showed that the Orbiter was
the best ditching shape that they had ever tested, of many. Bul, our

structures people have said that if we ditch we would blow such big holes in
the lower panels that the orbiter might break up. Anyway, they refuse to

cven consider water ditching any more—I still have the test results|

Bailout acems best.

ZE 'B2 lz:3p 01 24a




27 January 2003

From: Robert H. Daugherty | emndidoapabantdmitaplant ooy

Sent: Monday, Tanuary 27, 2003 3:35 PM
To: CAMPBELL, CARLISLE C., JR (JSC-ES2) (NASA)
Subjecr: Video you sent

WOwW!l
I bet there are a few pucker strings pulled tight around there!

Thinking about a belly landing versus hailout...... ([ would sy that if
there is a question ebowt main gear well burn thru that its crazy to even
hit the deploy gear button...the reason being that you might have failed the
wheels since they are aluminum, they will fail befare the tire
heating/pressure makes them fail..and you will send debris all over the
wheel well making it a possibility that the gear would not even deploy due
to ancillary damage...300 feet is the wrong altitude to find out you have
one gear down and the other not down...you're dead in that case)

Think abou the pitch-down moment for a belly landing when hitting not the
main gear but the Irailing edge of the wing or hody flap when landing gear
up-..2ver if you come in fast and at slightly less pitch attitude...the nose

slepdown with that pitching moment arm seems to me to be pretty scery...ao
much so that ] would bail oul before T would let a Joved one lend like that,

My two cenis.
3ee ya,

Bob

FE3 22 '@2 12:53] 2Bl 244



From: STICH, J. 5. (STEVE) [I5C-DAB) (NASA)
Sank: Wednesdry, January 29, 2003 2:30 PM
Ta: SHANNCHN, JOHN P, (15C-DAB) (NASA)
Subjuct: W Shutt'e Support

The stary that | heard is that Wayne got the DOD folks a1 KSC and Patrick spun up so thay or
Lambert Austin (rumor) turned on raquests for data from USSTRAT andg other rescurces. The SSP
did not want any data and in fact there was nevar a formal MOD request mads from the FDOs or tha
Flight Director, | 1old Rager Simpson that we appraciatad the USSSTRAT suppert on this Issue
during a phone conversation on Wednesday or Thursday of last week. | lold them that we did ot
require the data on this mission and that they could turn off thair system which was in high gaar to
get the data. |n hindsight | probably sheuld have Ist them go since thay hed workad it vary hard on
the USSTRAT end and they may not respond as well next time since we "cried wolf on 5TS-107",

Roger is trying 1o make sure thal thers is a clear palh for thesa requaafs per this nole balow.

~-=Qrlginal Message—--

Prem: SIMPSON, ROGER D, (J5C-DM) [NASA)

Eant: Thursday, January 23, 2003 12:01 PM

To: ‘rongld. hughes@spacecom.smil. il ‘robert, praves@spacecom.smil.mil’; 'david [Mander@spacecom.smdl, Tl
'douglas.carsun Bspacecom.emil. il _

Cr: 'rogersimpscn@spacecam smil.mi; ‘Inda. marchione @spacacam.zamiLmil'; ‘rodney, bumettd spacecom.smil.mil
‘mearthuri@spacacom.smlmil; STICH, 1, 5. {STEVE) (I5C-D) (hASA); ENGELAUF, PHILIP L. (JSC-DAA) [NASA]; “ownerry Stas
SEES AFSFO/MASA

Subjact: Shuttls Suppart

ol andar and others,

Thark you for the enthusiastic responsa to the request for Shuttle support yesterday, Your quick responss In arranging
Support was excaptional and wa truly appreclate the atfort and apologize for any inconvenlence the cancellation of the
request may have cauged. | know thal future requests will ba met wiin the sams o¥ort,

Let ma assLre you that, as ol yeslerday afarmacn the Shuttla was In sxcallent shape, mission chjactivas wara baing
parlormed and that there were no majer system prablems Idsntitled. The regueat That you recelved was based on a plecs
ol debris, most likely Ice of Insulation from the ET, that came oH shortly after launzh ard nit tha undars de of tha vanicls,
Even though thia is not a common oczurrence It ie something that has happenad batore and is rot consicerad 1o bo a
major proalem,

The one problem that this has idsntifled Is the nead for some additienal coordination wilhin NASA 13 assure thal whan a
requast Is mace i ls dons through the officlal channels. The NASA / USSTRAT (UESPAGE) MCA identifies the neeg tar
this type of support and that It will be provided by USSTRAT. Procedures have bean long estatishad that dentifiss the
Filght Dynamics Officer (o the Shuttls) and the Trajsctory Oparationa Officer (for the International Spacs Statlon) as the
POCe ta work thess issues wilh tho persennal In Chayanne Mountaln. One of the primary purooses far this chan s ta

1
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make sure that requests like this ona doas not slip through the aystam and spin the community Uo about potaniial
problems that have not been fully vetted through the proper channels,

Twe things thal you can help us with ia 16 make aure that future requests of this so arg conflrmad througn the oroner
channels. For the Shullla ItIs via CMOC to the Fiight Dynamics Officer. For tha International Soace Station it s vin
CMOC to the Tra|sctory Oparalions Officer, The secong request is that no regaurces are spent Unless the reausst nas
been confirmed. These requests ara nol meant ta diminiah the responsioilities of the DDMS cffice or to change any
pravious egresmants but lo ellminale the cenfuslan that can be £aused by a lack of proper coordination.

Again, thanx you for the aupport and wa know that when the nead arrives USSTRAT, CMOGC, and the DDWS offiza will
respond the same aa they did for thig ane, with snthusiasm and & limely regponsa.

Roger D. Simpson

NASA Peogident Office. Cclorade Springs
United Staces Strategic Commard West
Petarson AFE, C0 B0%1d-3050
sy

EmEReatimldS Dager
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From: FOSTER, ANDY (JSC-NC) (GHA)

Sant: Tussday, January 21, 2003 8:08 PM

Ta: SR&0QA MER Consgls

Subject; FW: 8T5-107 Debrle Analysls Team Plans

¥ you lock in the Console Actiors saction of the Sty boox, you'il find the nazard repart mentioned in thia note and savears
others that ra/ate.

From: BALU, BRIAN K. (JSC-NC) [SAIC)

Sent: Tuesday, January 21, 2003 5:28 Pi)

To: SR&CA MER Cansals

Cc: FOSTER, ANDY (JSC-NC) (GHG); CYER, KEITH W. (ISC-NC) (SAIC)
Subjact: FW: STS-107 Debrie Analysls Team Plans

===-0riginal Messagg--«-

From: [SHMAEL, MOHAMED 1, (GEORGE) (JSC-NC) (SAIC)

Sent: Tuesday, January 21, 2003 4:42 PM

To: BALL, BRIAN K. (JSC-NC) (SAIC); BROWNE, DAVID M. {ISC-NC) (NASA)
Ce: HATAMLEH, OMAR (3SC-NC) (SAIC)

Subject: RE: ST5-107 Debrls Analysis Team Plans

Heilo All,
Par dizcussions today:

Simllar cecurrance on 5TS-27,5D, 87

Lamage Assessment being perfarmad

MOD Risk Mitigation baing perlormad

Frogram raquest for on-orbit pleturs of QV-102 urdarsids par DOD

Trajectory Analysis balng pertormediprelminary pxist)

JSC RCC Arc -Jet impact tast report being reviewad

Centirmed ET Bl-pod arigin for foam particla: (~20'%20'x2" & ~20°x20"x6") with dansity of 2.4 pci.
Parlicle veloclty-750 H./sac. & Incidant angle ~ 20 dag.

wacondary paricle imgact not an issus

Urbiter Hazard Heport(248)rev. C being reviewsd - "Structural Cwverheating By TPS Damaga/Fa lura”
Meating agaln & 1:00pm on T-22-03(Wad )
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From: ISHMAEL, MOMAMED |. (QEOHGE) {VSC-NC) (SAIC)
Sant: Tusscay, January 28, 2003 4:15 FM

Ta: ‘Nerman Ignacio (Nache) (E-mall)’

Bub|ect: STS5-107 Tils-Skin Impact TMM Updata

Hello,

T henrd on the TES PRT taday that there was sn updated thermal math model that was discussed this past Sunday. 1 guessthe
model now predicts  skin temperature of ~ 700 deg.T'? 1lustsaw charts that reflect ~500 deg, F. Cenl gcta copy of these charws 7

Thanls
SSE:TPS/A.ESS/RCC, etr.
Bty
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From: Morman, Ignae|

Sent: Wednesday, January 20, 2003 7:24 AM
To: ISHMAEL, MOQHAMED 1. {(GEORGE) (JEC-HC} (SAIC)
Subject: RE: 875107 Tile-Skin Impact TMM Updata

The Thermal analysis was done to suppart the possibly Impacted lower
surface of the orbiter an the STS-107 mission. Two areas were nssessed
for large area damage. One wes an in the area between the Mein Landing
Eear Door and the Wing leading edge, this area structure temperatures
were in the 500 degree range. The other large demage area where thermal
analysis was performed were an the Main Landing gear door and the top
face sheet of the honeycomb AL structure gat abeve 700. The results were
forwarded to the Boeing stress folk an thermoelastic effeeta and results
were reported to NASA end USA. I do not know I the Boeing stress folk
created any charts,

Ignacic Norman

————— Original Message---—

From: ISHMAEL, MOHAMED I. (GEORGE) (YSC-NC) [SAIC)
(= : ]

Sent: Tuesday, Januory 28, 2003 4:15 PM

Te: Norman, Ignacio

Subject: STS-107 Tile-Skin Impact TMM Update

Hello,

[ heard on the TPS PRT taday that there was an updated thermal math
model that was discussed this past Sunday. I guess the model now
predicts a
skin temperature of ~ 700 deg. F 7 I last saw charts that reflect ~500
deg, F. Can I get a copy of these charts ?

Thanks
SS5E'TPS/LESS/ RCC, ete,
EEatAn=t00

FEB 25 '®3 1Z:39



Frem: SCHOMBURG, CALVIN (JSC-EA) (NASA)
Sent: Wednasday, January 23, 2003 9:40 AM

Ta: ISHMAEL, MOHAMED |. (SEQRGE) (JSC-NC) [SAIC); 'Madera, Pamela L'; CURRY, DONALD M,
(JSC-ES3) (NASA); ROCHA, ALAN A. (RODNEY) (JSC-ES2) (NASA); LEVY, VINCENT M. (J5C-
EG) (NASA) KOWAL, T, J, (JOHN) [JSC-ES3) (NASA); DERRY, STEPHEN M. (STEVE) (J5C-
EG3) (NASA); ‘Nagla, Scott M'; 'Carlos Ortlz (E-mall): GOMEZ, REYNALDO J. (RAY) (JSC-EGT]
[(NASA); DISLER, JONATHAN M. (JON) (JSC-8X) (LM}); 'Jacobs, Willlam A'

Cre: ‘Scott Ghristensen V (E-mall)’; 'Norman Ignaslo (Nacno) (E-mall); 'CHAC, DEMNIE', 'Stenar-1,
Michael I¥; "Carlos Orliz (E-mally; 'Michasei J Dunham [E-mall)’; ‘Sebesta, Stephan B,
CORQONADOD, DIANA', "Cralg Madden' (E-mall}’; ‘Bail, Dan R.; 'Gordon, Michaal P.": 'Faul A Farxer
{E-mall); ‘ALEXANDER, ED'

Subject: RE: STE-107 Debris Analysls Team Mesting - Poat Landing Data Gollsction

This hit will ba racerded just like ever ather hit o the venicle-the dabris team will recard lt-the tie team will racord
itand it will bo reportad In tha pest-llight report.(wha 1a recorced is locaton-tiles hit and whal was the &2z of ine
hit, atc).

==—-0rlglnal Message-----

From: ISHMAEL, MOHAMED 1. (GEORGE) {JSC-NC) (SAIC)

Sent: Wednesday, January 29, 2003 9:03 aM

To: 'Madera, Pamela L'; CURRY, DCNALD M, (JSC-ES3) (NASA); ROCHA, ALAN R. (ROCNEY) (JSC-ES2)
(NASA); LEVY, VINCENT M. (ISC-EG) (NASA); KOWAL, T. J. (JOHN) (2SC-ES3) (NASA); DERRY, STEPHEN
M. (STEVE) (J5C-EG3) (NASA); Nagle, Scott M; Carlos Drilz (E-mail); GOMEZ, REYNALDO . (RAY) (15C-
EG3) {NAS}A}; DISLER, JONATHAN M. (JON) (15C+5X) (LMY, Jacobs, Willlam A; SCHOMBURG, CALYIN (J5C-
EA} (NASA

Cei 'Scott Christensen V (E-mall)'; 'Norman Ignacie (Nacho) (E-mall)’; CHAQ, DENNIS; Stoner-1, Michasl
D; 'Carlos Ortiz (E-mail)’; 'Michael J Dunnam (E-mall)'; Sebesta, Stephen P; CORONADO, DIANA; "Cralg
Madden' (E-mall}; Bell, Dan R.; Gordon, Michael P.; 'Peul A Parker (E-mail)'; ALEXANDER, ED

Subjact: RE: 5T5-107 Debris Analysls Team Meating - Post Landing Data Collectlon

Hello All,
I was wondering if the team will collect extensive tangible empirical tle/RCC data(length, width, depth, incidant
angle, etc.) from the vehicle wo facilitaze deibrls analysis with SOFT, “erater program”, & TMM 7

Thaoks.
SEE: TPS/LESS/RCC, ete,

N2642003
FEB 28 'B3 |2:34



From: Bsll, Dan R. (0 aSeSmissemidiammemp. |

Sent:  Wednesday, January 29, 2003 1:10 PM
To: ISHMAEL, MOMAMED 1. (GEORGE} (JSC-NC) (SAID)
Subject: RE: 5TS-107 Debris Analysls Team Meeting - Poat Landing Date Coll ection

Georgs,
Wa should have preliminary information avallable witkin a lew nours of landing. We will send out a lInk to tha
PRT diatribution whera the runway report will be posiad.

Thanks,
Dan Ball
TP3 55M
(321)864-4617

----- Criginal Message----

From: ISHMAEL, MCHAMED 1. (GECRGE) {1SC-NC) (SAIC) [aabisessivmnsivishurmuiisfiommmatege. |

Sent: Wednesday, January 29, 2003 10:03 AM

To: 'Madera, Pamele L'} CURRY, DONALD M, (JSC-253) [NASA); ROCHA, ALAN R. (RODNMETY) (ISC-ES2) (NASAY;
LEVY, VINCENT M. (JSC-EG) (NASA); KOWAL, T. 1. (JOKN) (1SC-ES3) (NASA): DERRY, STEPHEN M, (STEVE)
(JSC-EG3) (NASA); Nagle, Scott M; Carlos Ortiz (E-mall); GOMEZ, REYNALDO J, (RAY) (JSC-EG3) (NASA):
DISLER, JONATHAN M. (JON) (JSC-8X) (LM); Jacobs, Willlam A; SCHOMBURG, CALVIN (15C-EA) (NASA)

Ca: 'Scolt Chrlstensen V (E-mall)'; "Norman Ignacio (Nache) (E-mall); CHAO, DENNIS; Stoner-1, Michael &3;
‘Carlos Ortlz (E-mail)'; ‘Michael ) Dunham (E-mall)’; Sebesta, Stephen P; CORONADG, DIANA; "Cralg Madcen' (E-
mall)’; Bell, Dan R.; Gordon, Michael P.: 'Paul A Parker {E-mall}’; ALEXANDER, ED

Subject: RE: §TS-107 Debris Analysls Team Meeting - Post Landing Data Coll ectlon

Hello All,
L was wondering if the ream will collect extensive tangible smpirical tle/RCC data(length, width, depti, incident angle,
ete.} from the vehicle to facilitate debris analysis with SOFT, “crater program”, & TMM T

Tharks.
S5E:; TPS/LESSROC, elg,

02/26/2003
FEB ZE '®3 12:35
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From: Madera, Pamela L. [ S |

Sent:  Wednosday, January 22, 2003 11:22 AM

Ta: GURRY, DONALD M. (JSC-ES3) (NASA); ROGHA, ALAN A, (RODNEY) {USC-ES2) (NASA);
LEVY, VINCENT M. (JSC-EG) (NASA), KOWAL, T. J. (JOHN) [JSC-ES3) (NASA); DERRY,
STEPHEN M. [STEVE) (JSC-EG3) (NASA); Nagle, Scott M; Carlas Oriz (E-mall); GOMEZ,
REYNALDO J. (RAY) (JSC-EG3) (NASA); DISLER, JONATHAN M. (JON) (JSG-5X) (LM}; Jacons,
Willam A

Cec: ‘Scoft Christanssen V (E-mall}: ‘Narman lgraclo (Nacho) (E-mell); CHAQ, DENNIS; Stunprﬂ,
Miches] D; 'Carlos Ortiz (E-mall)'; 'Michasl J Durham (E-mall); Ssbesta, Staphan F: CORONADC,
DIANA; "Craly Maddan’ (E-mail); Bell, Dan A.; Gordon, Michaal P.; ‘Paul A Parkar (E-mail)"
ISHMAEL, MOHAMED I. (GEORGE) (JSC-NC} (SAIC): ALEXANDER, ED

Subject: STS-107 Debrla Analysls Team Masting

Rodney Rocha has confarence room 221 In JSC Building 13 avallable for tocay’s 1:00 PM telecen. Loceased an
secend floor. The dial in number (s the same a&a balow. | propoes the following aganda;

Review of transpan aralysis [Carlos Qriz - chars attached)

Discusslon of appropriate Particls Size (Ortiz, Disler, all})

Review of Flight Design Plans for Assessing Optlons (Bl Jacabs)

Status of Impact Damage Assassment (P, Parkar)

Status ol Thermal Analysls (Norm Ignacio/Dennis Chaa)

Approach for sireas assassment {Cunham)

Discussion on Nead/Ratlonala for Mandatory Viewlng of demaga site {All)

<<3TS5-107 Praliminary Dobris Assasamant - rav2.pplss

Pam Madera
Vehicle and Syetems Anslysis Subrystam Area Manapar
Fhone i SRawEsss
Paper: SRS 2
; .
Sl TSR

===Lriginel Mexeage-----

From; Madera, Pameln L

Bant: Monday, January 20, 2303 5:47 PM

Tor  CURAY, DONALD M; RCTHA, ALAN RODNEY, LEVY, VINCENT M; KDWAL, T JOHN; DERRY, STEPHEN M

Coi ‘Scoit Cheistensen Y (E-mall); Narman Igrade {Macho) (E:mall}’; CHAC, DENNIS; Stoner-1, Micheed 0 'Carlog Oty (E-mail); 'Plc.:lazl
) Dunham (E-mal}); Sebest, Staphen P; CORONADC, DLANA; “Cralp Macder (E-mail); Ball, Dan fL; Goron, Michacl P Paul A Parker {5
mall)

Subjace: 5T5-107 Dubris Analysic Taam Flans

The Boelng/USA tesm would lika io masl with yau Tuseday al 2:00 an mest-me-|ne number B77-588-
7953 P/C 276237 o discuss analysis plans for ngsessing the STS-107 Debrla Impact,

Pom Madera
Vehicle and Systems &nalysis Subsyatarn Arga Managsr

Fhons sliftShamsanty

02/26/2003
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